Abstract We herein report a case involving a woman with type 1 diabetes and a history of metal allergy who developed a local delayed-type (type IV) allergy to zinccontaining insulin. She had been treated by continuous subcutaneous insulin infusion, but her glycemic control was poor, and she developed diabetic ketoacidosis. Her plasma insulin concentration was unexpectedly low during use of insulin lispro, but it was recovered by changing from the zinc-containing insulin lispro to the zinc-free insulin glulisine. Intradermal tests showed no reactions to various insulins except for zinc chloride. A skin biopsy at the injection site of insulin lispro showed invasion of lymphocytes, neutrophils, and eosinophils, but a skin biopsy at the injection site of insulin glulisine showed invasion of only lymphocytes. A drug lymphocyte stimulation test against polaprezinc, an antiulcer drug containing zinc, was positive. Therefore, we diagnosed the patient with local delayed allergy to zinc-containing insulin. Insulin allergy should be considered as a possible cause of poor glycemic control and diabetic ketoacidosis in patients with type 1 diabetes.
Introduction
Insulin allergy has been rare since the development of recombinant human insulin and its analogs. Type I (immediate type), III (Arthus type), and IV (delayed type) insulin allergies are induced by insulin itself, while protamine, zinc, and other components contained in insulin can cause local or systemic allergies [1, 2] . Only a few reports have addressed type IV insulin allergy [3, 4] . We herein report a case involving a patient with type 1 diabetes who developed poor glycemic control during treatment with continuous subcutaneous insulin infusion (CSII) because of a local delayed hypersensitivity reaction to zinc-containing insulin.
Case report
A 39-year-old female returned for a follow-up visit to our clinic for evaluation of her 9-year history of type 1 diabetes mellitus. Her medical history included the development of a metal allergy in her teens, schizophrenia at the age of 29 years, asthma at the age of 31 years, and myocardial infarction at the age of 34 years. Subcutaneous insulin injection was difficult because she had experienced needle phobia since childhood. She had therefore undergone treatment with CSII but experienced intermittent hypoglycemia and hyperglycemia. The patient was admitted to our hospital because of pinna cellulitis and was diagnosed with diabetic ketoacidosis (arterial blood gas analysis: pH, 7.215; pO 2 , 109 mmHg; pCO 2 , 14 mmol/l; HCO 3-, 5.5 mmol/l; anion gap, 31.8; glucose, 479 mg/dl; lactate, 24 mg/dl; 3-hydroxybutyrate, 6.2 mmol/l). Laboratory data on admission are shown in Table 1 . The patient had iron deficiency anemia and subclinical hypothyroidism due to Hashimoto's disease, indicating autoimmune polyglandular syndrome type 3. Four days after she received continuous intravenous insulin infusion (CVII) using regular insulin to reach euglycemia, she developed hyperglycemia that did not resolve with CSII. We were therefore unable to stop the CVII. On day 12, the patient was determined to be positive for anti-insulin antibodies (35.7 U/ml). We doubted that she had insulin resistance because of the formation of insulin lispro-specific antibodies; therefore, we changed the insulin lispro to regular insulin following insulin aspart. However, her hyperglycemia persisted, and CVII could not be withdrawn. On day 24, redness, swelling, and pain developed at the insulin injection site. Patch tests against zinc chloride were performed because these symptoms were speculated to be due to an insulin allergy based on the patient's history of metal allergy. The results were positive against zinc chloride but not against regular insulin or cannula tubes of CSII (data not shown). After injection of various insulins, we measured the plasma insulin concentration using the ST AIA-PACK IRI (Tosoh Bioscience, Tokyo, Japan). Six units of insulin lispro or insulin glulisine were administered subcutaneously or via CSII ( Fig. 1 ) combined with CVII with regular insulin to avoid diabetic ketoacidosis. The plasma insulin concentration was not elevated after insulin lispro injection via CSII, but that after insulin glulisine injection via CSII was not elevated as much as that via subcutaneous bolus injection. The patient's glycemic control improved, and CVII could be withdrawn after the insulin was changed to insulin glulisine, which does not contain zinc. The patient's clinical course of glycemic control is shown in tests were performed against regular insulin, insulin lispro, insulin aspart, and insulin glulisine. All results were negative after 15 min (early response) and 48 h (delayed response). A skin biopsy at the site of insulin lispro injection showed infiltration of lymphocytes, neutrophils, and eosinophils in the dermal lesion, but a skin biopsy at the site of glulisine injection showed infiltration of only lymphocytes (Fig. 3) . Insulin-specific IgE antibody was negative (\0.1 U/ml). A drug lymphocyte stimulation test against polaprezinc, an antiulcer drug containing zinc, was positive (216 %; reference range, 0-200 %). Based on these results, we diagnosed the patient with a local delayed allergy to zinc-containing insulin.
Discussion
We concluded that the cause of the poor glycemic control in this patient was impaired insulin efficacy due to delayed hypersensitivity to zinc. The evidence of aberrant insulin absorption due to hypersensitivity to insulin is insufficient. However, considering the lack of elevation in the plasma insulin concentration after insulin lispro injection via CSII, we developed two hypotheses. The first is that either local inflammation caused by delayed allergy prevented the absorption of insulin or local accumulation of zinc facilitated insulin degradation by activation of metalloproteases such as insulin-degrading enzymes [5] . In one study, patients reportedly had no response to subcutaneous injection of insulin but had normal responses to intravenous insulin [6] . Subcutaneous administration of a mixture of aprotinin (a protease inhibitor) and insulin resulted in euglycemia, suggesting protease-induced degradation of insulin at the site of injection [6] . It would be interesting to see whether serum insulin levels rise in response to intravenous administration of lispro. However, the intravenous administration of recombinant insulin is a contraindication in Japan. A mixture of insulin plus aprotinin, as previously described [6] , may be useful to prove the first hypothesis regarding insulin degradation. The second hypothesis is that we could not measure the plasma insulin concentration accurately because of the absence of affinity of antibodies to insulin lispro. Unpublished data from Tosoh Bioscience obtained from a personal communication indicate that the company's immunoreactive insulin enzyme immunoassay kit can measure lispro, aspart, and regular insulin equally. However, the measured concentrations of glulisine, detemir, and degludec were approximately 60, 70, and 40 % of the theoretical values, respectively. According to these data, this kit can properly measure the concentration of lispro. For this reason, the second hypothesis is unlikely.
The data in Fig. 1 were obtained during CVII using regular insulin because the patient's glucose concentration was unstable and could not be controlled by CSII alone. Therefore, her fasting insulin concentration was thought to be equal to that of regular insulin administered by CVII.
Skin biopsy at the site of lispro injection, but not that at the site of glulisine injection, clearly showed a local delayed allergy response. Furthermore, both a drug lymphocyte stimulation test against polaprezinc and a zinc patch test were positive. These results suggest that the delayed allergy was against zinc. There may be a relationship between susceptibility to zinc allergy and metal allergy because the present patient had a history of metal allergy. However, other causes of hypersensitivity reactions may have existed in this patient because she had a skin induration at the site of insulin glulisine injection, and histological examination showed infiltration of lymphocytes. This is in agreement with previous studies showing that protamine or metacresol contained in insulin preparations could cause these reactions [1] .
The negative result of the patch test against insulin glulisine and regular insulin might have been due to the sensitivity of the test. According to established guidelines [7] , a low concentration might yield false-negative results. Drug patch tests need to be performed with high concentrations of the commercialized form of the drug when performing skin tests in the investigation of cutaneous adverse drug reactions [7] . We presume that the concentration of zinc contained in regular insulin was so much lower (21 lg/ml) than that in the zinc chloride (10 mg/ml) used in the patch test that it did not affect the lymphocyte response. A previous report showed that the zinc concentrations in insulin were correlated with the severity of skin symptoms [3] . The activation of zinc-sensitized lymphocytes may be dose-dependent.
In conclusion, this is the first reported case in which the plasma insulin concentration after subcutaneous injection of insulin was impaired because of a type IV zinc allergy. Insulin allergy should be addressed as a potential cause of poor glycemic control and diabetic ketoacidosis in patients with type 1 diabetes. Further immunological mechanisms involved in the relationship between ineffective insulin injection and delayed hypersensitivity response should also be explored. Fig. 3 Histological examination of the insulin analog injection sites. a A skin biopsy at the insulin lispro injection site showed infiltration of lymphocytes, neutrophils, and eosinophils in the dermal lesion. A Magnification of a Black arrow neutrophils. Red arrow eosinophils. b A skin biopsy at the insulin glulisine injection site showed infiltration of only lymphocytes
